In this study, we have demonstrated that repeated electrical stimuli to the artery of the mesenteric pedicle can produce mesenteric microcirculatory disturbance by autonomic nervous irritation in rats. The parameters to demonstrate microcirculatory damage were observed and quantitatively analyzed using the intravital microscopy after electrical stimulation for 40 minutes. The blood flow of arterioles and venules in the mesentery showed ischemia-reperfusion pattern during the repeated electrical stimulations. The diameter of arterioles did not show significant change, while RBC velocity of arterioles was significantly decreased at 30 min after the irritation. The RBC velocity in venules was decreased from the early period to about 20%. But this values were not significantly dropped during the later observation period, suggesting the formation of short circuit flow by passing the collapsed capillary beds. The number of rolling WBC in the venules was notably increased at the time immediately after irritation, and thereafter the number of rolling WBC number was rather reduced. The number of sticking WBC in venules was time-dependently increased and reached its maximum at 30min. When permeability of venular wall was determined by the injection of pontamine sky blue, significant increase in permeability was already shown immediately after irritation, suggesting that the integrity of microvascular wall was disturbed in this early period. The permeated area expanded thereafter in parallel with the increase in sticking WBC number. From these observations, it is suggested that endothelial cell damage and following leukocyte-endothelium interaction induced by autonomic nerve irritation appear to be an important factor in microcirculatory disturbances.
to the artery of the mesenteric pedicle could produce significant disturbances of mesenteric microvascular beds including the alteration of lipid peroxidation and the activity of fibrinolysis-coagulation cascade due to vaso motor derangement. 5 We have also demonstrated that gastric microcirculatory disturbance was induced by inter mittent electrical stimulation of the gastric artery, re sulting in formation of acute gastric mucosal lesions in rats.6 However, to date the microcirculatory disturbances induced by Reilly's phenomenon have not been quanti tatively assessed. In this report, therefore, using intra vital microscopy equipped with high speed video camera and Silicon Intensifier Target (SIT)-camera system, temporal alteration of microcirculatory damage was was applied to the small artery close to the mesenteric pedicle. The microcirculatory images of mesenteric arterioles and venules were obtained by CCD color camera, high-speed video camera and SIT camera , recorded with digital video recording system. The stored images were analysed by using temporal correlation velocimetry and video measuring gauge . Figure 4 . In order to see the behavior of leukocytes, the observation was made under fluorescent microscopy equipped with SIT. The number of rolling blood cells in the venules was increased in particular at the time immediately after electrical stimulation. Afterwards the number of rolling WBC was rather gradually reduced, but showed the elevated values as compared to controls throughout the observation period. The number of sticking WBC in venules was significantly increased immediately after irritation as compared to the control value. The number was time-dependently increased and reached its maximum at 30 minutes (Fig 5) .
The permeability of microvessels for PSB was mea sured at 0-40 minutes after irritation. After PSB injec tion, the permeation of dye was observed mainly along the periphery of venules, while the dye was not observed around the arterioles as shown in Figure 6 . The increase in permeability of venules was shown to be started already immediately after irritation, suggesting that the integrity of microvascular wall was disturbed in this early Fig circulatory beds at the downstream site of the stimulation was demonstrated to show ischemia-reperfusion pat tern. These ischemia-reperfusion pattern of blood flow is supposed to initiate microcirculatory disturbances. It is noteworthy that immediately after completion of electrical stimulation there was significant change in terms of the assessed parameters such as RBC velocity of venules, leukocyte behavior or vascular permeability. The changes occurred immediately after irritation is supposed to be an endothelial cell damage of microvessels. Especially vasomotor changes in the arterial side may induce the early alterations of endothelial cells, the increased con centration of vasoactive substances including ADP and histamine and increased fibrinolytic activity. However, the microcirculatory changes induced by the irritation-induced vasomotor effect appeared to occur mainly in the venular side. In our study, the increased number of rolling and sticking leukocytes were demon strated in venules. From the view point of blood cell rheology, the wall shear force which makes leukocytes to be pushed away towards the downstream of micro circulation seems to be a major factor that causes the difference of leukocyte behavior between arterioles and venules. Under normal-flow conditions, the absolute value of RBC velocity in arterioles is known to be 2.5-3 fold higher than that in venules with the same diameter.10 Leukocyte adhesion is therefore an event specifically observed in post-capillary venules rather than in arterioles. However, it is of interest that, in the current study, rolling of leukocytes was observed often in the early phase after the irritation at which there was no remark able reduction in venular RBC velocity. Since leukocyte rolling is though to be mediated by a series of selectin molecules (eg, GMP-140 in endothelial cells),11 this early change may reflect the functional alteration of adhesive properties in venular endothelium due to the irritation induced fluctuation of blood supply. If the adhesion force is increased to a point at which detachment is impossible then the leukocyte behavior becomes stabled.12 This persistent adherence of leukocytes to endothelial cells may be mediated by a mechanism different from the one responsible for the rolling phenomenon. Namely, in this process, the adherence response involves ad hesive forces that are generated by both the interaction of superoxide with the endothelial cells and the ex pression of leukocyte adhesion molecules,13 especially the leukocyte integrins interacting with their counter receptor ICAM-1.14 Cell to cell interaction is thought to aggravate the ischemia-reperfusion-induced microcirculatory disturb ances. One of the principal mechanism by which neutro phils cause tissue injury is the extracellular secretion of lysosomal enzymes.15 Much attention has recently been paid to several vasoactive substances, including oxygen derived free radicals such as superoxide anion and hypochlorous anion. Platelet activating factor (PAF) and leukotrienes from neutrophils are also paid of much attentions. Hydrogen peroxide is reported to stimulate the synthesis of platelet-activating factor by endothelium.16 PAF and leukotrienes released into the microcirculatory beds may evoke upregulation of CD18, which plays a crucial role in permanent leukocyte adhesion to endo thelium, resulting in further inflammatory responses. Increased vascular permeability was already observed in the venular portion immediately after the irritation and reached its maximum at 30 minutes, in parallel with the increase in sticking leukocytes. Endothelial cell damage is supposed to be aggravated possibly by leukocyte -endothelium interaction involving oxygen radical and leukotriene B4 release from neutrophils. 17, 18 The application of high speed video system made it possible to accurately determine the RBC velocity in the microvessels. In our present data, the decreased RBC velocity in arterioles was observed at 30 minutes and RBC velocity decreased to 60% of the control level at 40 minutes. These decreased RBC velocity of arterioles in this late phase could be explained by the increased permeability of venular side which increased the blood viscosity with a decrease in blood volume. Because the sticking of leukocyyyes to microvessels appeared to pre cede the decrease in RBC velocity, the irritation-induced leukocyte adherence is apparently not a secondary event due to the decreased blood flow in the arteriolar side. On the other hand, the diameter and RBC velocity of venules were decreased to the smaller extent (20% and 15% respectively) from the relatively early phase, but these parameters were not significantly decreased even at 30-40 minutes after the irritation. This could be explained by the observation that when microcirculatory beds were damaged, and capillary beds collapsed, the blood flow preferentially drained into venules passing through thoroughfare ways. This short-circuit flow may maintain the RBC velocity and diameter of venules despite of microcirculatory disturbances.
It is concluded that irritation to the arterial wall is able to produce the microcirculatory damage through cell to cell interaction especially between leukocyte and endothelial cells.
